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Previews
the genesis of actin cables but do not necessarily shedFormins: Taking a Ride
light on the mechanism of action.on the Barbed End New results from the Boone and Bretscher as well as
the Pellman research groups indicate that a fragment
of Bni1p containing the FH1 and FH2 domains is suffi-
cient to nucleate actin filaments in vitro and that this
Formins are an ancient family of cell polarity regula- fragment, when expressed in yeast cells, causes the
tors. Until recently, they were implicated in actin cy- accumulation of aberrant actin cables (Pruyne et al.,
toskeleton regulation without a specific molecular 2002; Sagot et al., 2002b). The in vitro analysis of the
function. That may all have changed with the publica- FH1-FH2 fragment reveals that it operates in a manner
tion of new results from several labs. different than other known actin nucleators. This protein
fragment triggers the formation actin filaments when
added to solutions of monomeric actin. While a numberDefining cell polarity is an essential task for nearly every
of other actin binding proteins can perform the samecell. Polarity is crucial for cells to respond to their envi-
feat in vitro, the unusual part comes in the fact that theronment as well as to execute their physiological func-
FH1-FH2 fragment remains associated with the barbedtions. Examples of this include cell migration, the barrier
or rapidly growing end of the actin filaments (Pruynefunction of epithelial cells, and neuronal transmission
et al., 2002). This is demonstrated with some strikingvia axons and dendrites. An emerging body of literature
immunogold labeling in electron micrographs of the nu-suggests that the Formin protein family is a key compo-
cleated filaments. Other actin binding proteins, such asnent in defining cell polarity from yeast through mam-
capping protein, associate with the barbed end, butmals. Formins have been reported to regulate both the
these proteins prevent the addition of more monomersactin and microtubule cytoskeletons, and it is likely the
onto the barbed end. Interestingly, the Bni1p FH1-FH2effects on cell polarity involve both cytoskeletal systems
fragment allows continued elongation of the filament,(Evangelista et al., 1997; Palazzo et al., 2001). This pre-
albeit at a slower rate. This mechanism is similar to theview will focus on recent advances in our understanding
model of Ena/VASP function derived from recent in vivoof Formin regulation of the actin cytoskeleton.
and in vitro observations from our lab (Bear et al., 2002).Formins are multidomain proteins that interact with
In those experiments, Ena/VASP proteins were ob-a number of signaling and cytoskeletal partners (see
served to bind to the barbed ends of actin filamentsFigure). The N terminus of Formins binds to Rho family
and antagonize the capping activity of capping protein.GTPases, and this binding disrupts an intramolecular
While continued filament elongation with a barbed endinhibitory interaction with the C-terminal DAD domain
binding protein attached is novel in the actin field, it is(Alberts, 2001). This has been proposed to activate the
quite familiar to those who work on microtubules. A
protein by shifting it to an open state. In this open or
growing number of proteins such as CLIP-170 and EB1
activated state, internal domains including the FH1 and
have been shown to interact with the () ends of growing
FH2 (Formin Homology) domains are free to interact with microtubules and in some cases alter the cycle of dy-
effector molecules. The FH1 domain is extremely rich namic instability (Schuyler and Pellman, 2001).
in proline residues and interacts with the actin monomer One intriguing aspect of the Bni1p nucleation results
binding protein profilin, as well as proteins containing is that these proteins appear to function independently
SH3 and WW domains. Deletion analysis suggests that of the most well-characterized actin nucleator—the
the FH1 domain is essential for function in vivo (Evange- Arp2/3 complex. Clearly, the FH1-FH2 fragment of Bni1p
lista et al., 2002). It is less clear what proteins bind to is sufficient to nucleate actin filaments in vitro without
the FH2 domain, but, based on mutagenesis, this region Arp2/3, and, in vivo, yeast cells show actin cables in the
is also critical for in vivo function (Evangelista et al., absence of Arp2/3 function (Evangelista et al., 2002;
2002; Sagot et al., 2002a). Pruyne et al., 2002). However, whether or not actin cable
Yeast Formins Bni1p and Bnr1p regulate the estab- formation in living cells represents a true de novo nucle-
lishment of mother-daughter cell polarity through effects ation event has not been conclusively established. One
on actin cables (one of the two predominant F-actin alternative possibility is that Formins could trigger cable
structures in yeast). Mutations in both of these related formation by the capture, stabilization, and growth of
genes causes the loss of actin cables, as well as a small actin filament oligomers. Regardless of the precise
profound loss of cell polarity. Through the use of temper- origin of actin cables, Bni1p can tether them in the bud
ature-sensitive alleles of Bni1p, the Bretscher and and presumably allow continued growth at the barbed
Boone groups as well as the Pellman group demon- end.
strated that actin cables are highly dynamic structures Another unusual aspect of the FH1-FH2 nucleation is
with both rapid disassembly and reassembly upon tem- the stimulatory effect of low concentrations of profilin
perature shift (Evangelista et al., 2002; Sagot et al., on this reaction. The FH1-profilin interaction has been
2002a). Expression of activated forms of Bni1p (lacking known for some time, but the Pellman group has now
the Rho binding site) causes the accumulation of F-actin provided the first biochemical evidence that this interac-
in the bud (Evangelista et al., 2002). These data are tion is functional. Both groups saw an inhibitory effect of
high concentrations of profilin, but Sagot and coworkersconsistent with yeast Formins playing a critical role in
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saw a stimulatory effect at less than 500 nM (Sagot et
al., 2002b). One interesting possibility is that the slowly
elongating FH1-FH2-associated barbed ends may re-
quire the recruitment of profilin-actin complexes via the
FH1 domain to maintain elongation rates.
Mammalian Formins such as mDia1 trigger the forma-
tion of thin actin fibers when expressed in an activated
form (Tominaga et al., 2000). While it is overly simplistic
to directly compare yeast actin cables and mammalian
A Schematic Representation of the Formin Domain Structureactin fibers, these two processes may share a common
mechanism. Indeed, mammalian Formins contain well-
conserved FH1 and FH2 domains. However, whether Selected Reading
the mammalian Formins operate in the same manner as
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opposite to that of PER and CRY. Transcription of Bmal1REV-ving Up the Clock
is self-inhibitory, and is possibly activated by PER2, one
of three isoforms of PER; however, the mechanisms
underlying Bmal1 cycling are unknown. Recent work by
Circadian rhythms are generated by a transcription/ Ueli Schibler’s laboratory identifies REV-ERB as a link
translation feedback loop consisting of two limbs, one between the positive and negative limbs of the feedback
positive and one negative. The nuclear orphan recep- loop by establishing its role in cyclic Bmal1 expression
tor, REV-ERB, is identified as a molecular link cou- and by demonstrating its regulation by PER proteins
pling these two limbs. (Preitner et al., 2002; see Figure).
REV-ERB is a member of the ligand-activated nu-
Circadian rhythms are daily cycles manifested in the clear receptor superfamily of transcription factors (Mc-
physiology and behavior of virtually all organisms. Al- Kenna and O’Malley, 2002). Because its activating ligand
though these rhythms are endogenous, they are influ- is unknown, REV-ERB is called an “orphan” nuclear
enced by environmental factors such as light. In mam- receptor. REV-ERB acts as a transcriptional repressor
mals, the central circadian pacemaker resides in the and is implicated in the regulation of adipogenesis and
suprachiasmatic nucleus (SCN) of the hypothalamus, metabolism. REV-ERB first became linked to chronobi-
and is based upon the cyclic transcription and transla- ology when Schibler’s laboratory demonstrated that its
tion of core clock genes over a 24 hr period (Reppert transcript level oscillates in mouse liver (Balsalobre et
and Weaver, 2001). Oscillations of clock gene RNA and al., 1998). Importantly, all known circadian clock genes
protein levels form a feedback loop comprised of a posi- are expressed in, and cycle in, peripheral tissues. Ex-
tive limb and a negative limb. The positive limb, con- pression of clock genes in the periphery may establish
sisting of the transcription factors CLOCK and BMAL1, oscillators in individual organs that communicate with
promotes transcription of the genes Period (Per) and the central pacemaker to control local physiology.
Cryptochrome (Cry). PER and CRY form the negative In the current work, published in the July 26th issue
limb by inhibiting the activity of CLOCK and BMAL1, of Cell, Schibler’s group identified two binding sites for
and consequently their own transcription. PER and CRY the REV-ERB subfamily of nuclear receptors in the
protein turnover allows the loop to be reset. Bmal1 tran- Bmal1 promoter. A complex that binds to these sites
with a very striking daily oscillation was detected in liverscript and protein levels also cycle, but with a phase
